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REMARKS 

Claims 45 through 54 are presently pending and under 
examination. Claim 45 has been amended herein and new claims 
55-61 have been added. 

RecrardinQ the amendments 

Claim 45 has been amended to remove recitation of the 
phrase "with respect to the function of other receptors." 

New claims 55-61 are dependent claims that correspond 
to base claims 45, 47, 48, 49, 50, 51, and 52, respectively. 
Each of the newly added dependent claims recites that the 
conf ormationally restricted peptide of the corresponding base 
claim is cyclic. The new claims are supported throughout the 
specification, for example, at page 8, line 32, to page 9, line 
8. No new matter is introduced by the amendment or the 

Neither the amendment to claim 45 nor the newly added 
claims 55-61 introduce new matter. Accordingly, entry of the 
amendment and new claims is respectfully requested. 

Regarding the Rejections under 35 U.S.C. §112, second paragraph 

The re]ection of claims 45 and 46 under 35 U.S.C. §112, 
second paragraph, as allegedly indefinite for failing to point 
out with sufficient particularity the subject matter regarded as 
the invention, is respectfully traversed. The Examiner asserts 
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that recitation of the phrase "other receptors" renders the claim 
indefinite as it allegedly is unclear which other receptors are 
referred to. Applicants submit that this rejection has been 
rendered moot by amendment of base claim 45 to omit recitation of 
the phrase "with respect to the function of other receptors." 
Accordingly; Appicants respecftully request removal of the 
rejection of claims 45 and 46 under 35 U.S.C. §112, second 
paragraph, as allegedly indefinite for failing to point out with 
sufficient particularity the subject matter regarded as the 
invention . 

Rejections under 3 5 U.S.C> § 112, First Paragraph 

The objection to the specification and corresponding 
rejection of claims 46, 48, 50, 52 and 54 under 35 U.S.C. § 112, 
first paragraph, as containing subject matter not described in 
the specification so as to enable one skilled in the art to 
practice the claimed invention is respectfully traversed. 
Applicants respectfully submit that the specification enables the 
full scope of claims 46, 48, 50, 52 and 54. 

The Office Action states that the specification, while 
enabling for in vitro methods of using a conf ormat ionally 
restricted cyclic RGD-containing peptide, does not similarly 
provide enablement for "in vivo methods of use for stabilized 
stereochemical conformation of a cyclic RGD containing peptide." 
(current Office Action, Paper No. 8, paragraph bridging pages 2 
and 3 ) . 
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In Johns Hopkins Univ. v. CellPro, Inc., 152 F.3d 1342, 
47 U.S. P. Q. 2d 1705 (Fed. Cir, 1998), the Federal Circuit clearly 
stated that routine experimentation does not constitute undue 
experimentation : 

The test [for undue experimentation] is not 
merely quantitative, since a considerable 
amount of experimentation is permissible, if 

it is merely routine, or if the specification 
in question provides a reasonable amount of 
guidance with respect to the direction in 
which the experimentation should proceed to 
enable the determination of how to practice a 
desired embodiment of the invention claimed. 

Id. (Emphasis added) (citing PPG Indus., Inc. v. Guardian Indus. 
Corp., 75 F.3d at 1564, 37 U.S. P. Q. 2d at 1623); see also In re 
Wands, 858 F.2d at 736-40, 8 U.S.P.Q.2d at 1403-07 

Applicants respectfully submit that only routine 
methods, not requiring undue experimentation, would be necessary 
for the skilled person to practice the claimed methods in vivo. 
As taught in the specification, the peptide containing the 
conf ormat ionally restricted RGD sequence was effective in 
inhibiting cell attachment to the vitronectin receptor in rat 
kidney cell culture (see Example V, pages 13-15) . Based on the 
disclosure of the mammalian cell culture results, the skilled 
person would have been able to practice the claimed methods in 
vivo without expenditure of undue experimentation. Applicants 
respectfully submit that results obtained with living cells 
derived from an organism and used directly as well as cells grown 
for multiple generations or indefinitely in culture are 
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encompassed within and enabling of in Wvo uses of the claimed 
methods . 



As further evidence of enablement for in vivo methods 
of use for a stabilized stereochemical conformation of a cyclic 
RGD containing peptide. Applicants submit herewith as Exhibit A, 
a reference by Tschopp et al . , Current Science 4:809-817 (1993), 
which describes in vivo methods of use for a conf ormationally 
restricted RGD containing peptide. In particular, a cyclic RGD 
containing peptide was used to inhibit binding of a natural 
ligand, fibrinogen, to the vitronection receptor, thereby 
improving thrombolysis and preventing re-thromibosis in a canine 
model of experimentally induced thrombosis. 



As additional evidence of enablement for in vivo 
methods of use for a stabilized stereochemical conformation of a 
cyclic RGD containing peptide. Applicants submit herewith as 
Exhibit B, a reference by Ogawa et al . , Nuclear Medicine and 
Biology 30: 1-9 (2003), which describes in vivo methods of use 
for a conf ormationally restricted RGD containing peptide. Thew 
reference by Ogawa et al . describes use of cyclic RGD containing 
peptides for the in vivo assessment of tumor characteristics 
based on their binding to the vitronectin receptor, which is turn 
is expressed on metastatic tumor cells. 



Although dated post-filing of Applicants' claimed 
invention, the above-cited references by those skilled in the art 
are properly admissible to show that the disclosure was in fact 
enabling at the time of filing and that only routine 
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experimentation based on the written description in the 
disclosure was necessary to practice in vivo methods of use for a 
conf ormat ionally restricted RGD containing peptide. See In re 
Brana, 51 F.3d 1560, 1566, 34 USPQ2d 1436, 1441 n.l9 (Fed. Cir. 
1995) (citing In re Marzocchi , 169 USPQ at 370 n.4) . The above- 
cited references corroborate that, based on Applicants' 
disclosure of the mammalian cell culture results in the 
specification, the skilled person would have been able to 
practice the claimed methods in vivo without expenditure of undue 
experimentation . 

In view of the above arguments and exhibits, Applicants 
respectfully submit that, given the guidance provided by the 
specification, only standard and well-known techniques not 
requiring undue experimentation, would have been required to 
practice the invention methods. Accordingly, Applicants 
respect fullt request removal of the objection to the 
specification and corresponding rejection of claims 46, 48, 50, 
52 and 54 under 35 U.S. C. § 112, first paragraph, as containing 
subject matter not described in the specification so as to enable 
one skilled in the art to practice the claimed invention. 

Regarding the Rejections under 35 U.S.C. §102 (b) 

Applicants respectfully traverse the rejection of 
claims 45, 47, 49, and 51 under 35 U.S.C. §102 (b) as allegedly 
anticipated by Hayman et al . , J. Cell Biol . 100: 1948-1954 
(1985) . 
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[A] nt icipat ion requires that the tour corners 
of a single, prior art document describe 
every element of the claimed invention, 
either expressly or inherently, such that a 
person of ordinary skill in the art could 
practice the invention without undue 
experiment at ion . 



Advanced Display Sys . , Inc. v. Kent State Univ ., 212 F.3d 1272, 
1282 (Fed.Cir. 2000) (citing Atlas Powder Co. v. Ireco Inc ., 190 
F.3d 1342, 1347 [Fed.Cir. 1999]; and In re Paulsen , 30 F.3d 
1475, 1479 [Fed.Cir. 1994]). 



Claim 45 is directed to a method of inhibiting binding 



of a natural ligand to a vitronectin receptor that encompasses 
contacting the vitronectin receptor with a peptide containing a 
conf ormat ional ly restricted Arg-Gly-Asp sequence, thereby 
selectively inhibiting binding of the natural ligand to the 
vitronectin receptor. Hayman et al . does not describe methods 
utilizing a peptide containing a conf ormationally restricted 
Arg-Gly-Asp sequence to selectively inhibit binding of a natural 
ligand to the vitronectin receptor. 



inhibiting attachment of cells to vitronectin by providing to the 
cells in vitro a solution of a peptide containing a 
conf ormat ionally restricted Arg-Gly-Asp sequence, thereby 
selectively inhibiting attachment of the cells to the 
vitronectin. Hayman et al . does not describe methods utilizing a 
peptide containing a conf ormat ionally restricted Arg-Gly-Asp 



Claim 47 is directed to method of selectively 
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sequence to selectively inhibit attachment of cells to the 
vitronectin . 



Claim 49 is directed to a method of selectively 
inhibiting binding of vitronectin receptor- containing cells to a 
substrate by providing to the cells in vitro a solution 
containing a peptide that encompasses a conf ormat ionally 
restricted Arg-Gly-Asp sequence, thereby selectively inhibiting 
binding of the vitronectin receptor-containing cells to the 
substrate. Hayman et al . does not describe methods utilizing a 
peptide containing a conf ormat ionally restricted Arg-Gly-Asp 
sequence to selectively inhibit binding of the vitronectin 
receptor-containing cells to the substrate. 



Claim 51 is directed to a method of selectively 
inhibiting binding of vitronectin receptor-containing cells to a 
substrate by the steps of (a) providing to the cells in vitro a 
peptide containing a conf ormat ionally restricted sequence 
Arg-Gly-Asp in solution and (b) contacting the cells with the 
solution. Hayman et al . does not describe methods utilizing a 
peptide containing a conf ormat ionally restricted Arg-Gly-Asp 
sequence to selectively inhibit binding of the vitronectin 
receptor- containing cells to the substrate. 



Consequently, Hayman et al . does not disclose all 
elements of the claimed invention. Accordingly, the rejection of 
claims 45, 47, 49, and 51 under 35 U.S.C. §102 (b) over as 
allegedly anticipated by Hayman et al . is unsupported by the 
cited reference and should be removed. 
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CONCLUSION 



In light of the amendments and remarks herein. 
Applicants submit that the claims are now in condition for 
allowance and respectfully request a notice to this effect. The 
Examiner is invited to call the undersigned attorney if there are 
any questions. 



Respect ful ly submitted , 



September 11, 2003 

Date 




Astrid R. Spain 
Registration No. 47,956 
Telephone No. (858) 535-9001 
Facsimile No. (858) 535-8949 



McDERMOTT, WILL & EMERY 
4370 La Jolla Village Drive 
7'^ Floor 
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Inhibition of coronary artery reocclusion after 
thrombolysis with an RGD-containing peptide 
with no significant effect on bleeding time 

Juerg F. Tschopp*, PhD, Edward M. Driscoll, MS, 
Dun-Xue Mu, MD, Shawn C. Black, PhD, 
Michael D. Plerschbacher*, PhD, 
and Benedict Lucchesi, MD, PhD 

Background: A synthetic RGD^ontaining cyclic peptide, TP92Q1, specific for the 
platelet a„tJP3 receptor complex, was tested for its ability to accelerate thrombolysis and 
prevent reocclusion In experimentally induced coronary artery thrombosis. 
Methods: Anesthetized, opernchest dogs \vlth occlusive thrombi received tissue 
plasminogen activator with TP92D1 (113^g/kg bolus; S./^g/kg/min infusion, n-7) or 
saline control (n=i9). 

Results: A, 2.8-fold increase in the duration of vessel patency from 52.7 ± 63.7 min to 
149,1 ± 63.7 min {P< 0.05) was observed with TP9201 treatment. The mean duration 
of vessel occlusion was reduced 2.4-fold from 172.4± 81 .1 min to 71. 7± 63.7 min 
(Pc 0.05). Administration of TP9201 reduced the mean time to lysis from 76.6 ± 42.9min 
to 54.4 ± 42.9 min, but thrombolysis was not significantly accelerated. Persistent patency 
was observed in four out of seven of the treated dogs compared with none of the nine 
In the control group (P< 0.05). Administration of TP9201 inhibited ex-vrvo platelet 
aggregatiori stimulated by ADP (SOjxM) or collagen (lO^g/ml). No thrombocytopenia 
or changes jin hemodynamic parameters were observed in the treated group compared 
with the control group. Peptide TP9201 had no effect on bleeding time and the inhibitory 
effect on ex-vlvo platelet aggregation was rapid and' reversible. The phamiacodynamic 
half-life of TP9201 was approximately 1 h with ex-vivo platelet activity returning to 
baseline within 2h of discontinuation of treatment. 

Conclusions: TP9201 may be an effective therapy tor the prevention of re-thrombosis 
after thrombolytic therapy without adversely affecting hemostasia. 

Coronary Artery Disease 1993. 4:809-817 

Keywords: antiplatelet drug, o^wtiP^ antagonist, thrombolysis, 
coronary thrombosis, drug-induced bleeding 



Either thrombolytic therapy oi percutaneous trar»s- 
luminal coronary angioplasty (PTCA) are commonly 
used to re-establish patency of the coronary artery in 
the course of thrombotic eivents. Early treatment of 
an evolving myocardial infarction with thrombolytic 
therapy, such as recombinant tissue- type plasmino- 
gen activator (rt-FA), has become accepted as a 
means of limiting infarct size, preserving ventricular 
function, and reducing mortality [1-4]. Despite the 
success of thrombolysis in initiating coronary artery 



leperfusion in 50-80% of patients, acute secondary 
thrombotic events are common and constitute a ma- 
jor concern [51- Adjunct therapy with either heparin, 
aspirin, or dipyridamole (or any two or all three of 
these adjuncts) reduces the incidence of re-thrombo- 
sis to about 20-30%, but no adjunct therapy has been 
shown to eliminate re-thrombosis 16 J7]^ 

A major factor in early artery re-thrombosis appears 
to be the interaction of platelets with the endothelial 
surface in the diseased arterial segment [SJ. Platelet 
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Coronary Artery Disease September 1993. Vol 4 No 9 

adhesion to normal endothelial surfaces is the initial 
step in hemostasis and produces a rxunimal threat 
of thrombotic occlusion {9]. However, plateJet in- 
teraction with a diseased endothelial surface leads 
to platelet adhesion and aggregation resulting in the 
formation of a platelet-nclv fibrin-containing throm- 
bus that can e^^entUc^Uy occlude the vessel. 

The platelet integrin! a-ubPa (also known as GPIlb / 
HIa) plays an important role in both platelet ad- 
hesion and aggregahon. The final common step 
of platelet activation by several physiological ae- 
omsts (i.e. ADP, colBagen, thrombin, epinephrine) 
and shear forces is ! the binding of fibrinogen to 
ojibPs. ^Wch causes platelet aggregation and subse- 
quent thrombus formation [10]. It has been shown 
that the tripeptide sequence arginine-glydne-aspar- 
tic aad (RGD) is a key recognition domain for the 
«^nbP3 [11,12]. The discovery that RGD-containing 
synthetic peptides can inhibit fibrinogen binding to 
ctllbPs suggests that an RGD-containing pepHde may 
be a viable antithrombotic therapy [11-13]. 

Development of mopioclonal antibodies directed 
against the OubPi complex has facilitated the defini- 
h'on of the mechanismi of early arterial re-thrombosis 
[14,15]. F(ab')2 fragments of a monoclonal anti- 
body that binds 33 and inhibits platelet aggregation, 
iiave been shown to infiibit platelet-nch thrombus 
formation, to acceleraite coronary thrombolysis, and 
to prexent reocclusion after thrombolysis [16-20]. 
However, monoclonal-antibody-derived therapeutic 
drugs have potential disadvantages: they are im- 
munogenic and they can cause thrombocytopenia 
and bleeding complications [20,21]. Alternatively, 
RGD-contairung snake venom polypephdes or cyclic 
RGD-containing peptide derivatives bind to ajj^Pa 
resulting in enhanced and sustained coronary arte- 
rial thrombolysis with rt-PA in dogs [22-30]. The dis- 
advantages associated with these peptides include a 
low degree of specificity for anbPs and /or undesired 
effects on bleeding time in vivo. 



Recently, the synthetic ;peptide G4120 was shown to 
be a potent inhibitor of fibrinogen binding to a^bPa 
(31,32]. It also exhibited potent antithrombotic prop- 
erties in platelet-mediated thrombosis models in the 
hamster [33) and in the dog [34,35]. However, the 
intravenous doses required for effective inhibition of 
m-vivo thrombus fonriEition or of ex-vivo platelet ag- 
gregation are associated tvith a marked prolongation 
of the template bleeding time [34,35]. By contrast, the 
ajibPg inhibitor TP9201, a synthetic cyclic RGD-con- 
taining peptide, was found to have a potency for the 
inhibition of ex-vivo platelet aggregation comparable 
to that of G4120, but the intravenous doses at which 
it inhibits ex-vivo platelet aggregation are rK>t asso- 
ciated with prolongation of bleeding time [36,37]. 

In the present study, we explored the efficacy of an 
intravenous infusion ofj the RGD-<:ontaining ajn,33 
antagonist, TP9201, in increasing initial thrombolytic 
efficacy and decreasing ithe occurrence of re-throm- 



bosis. We used an experimental model in which 
thrombosis was induced by electrical stimulation of 
the mtimal surface of the left circumflex (LCX) coro- 
nary artery at the point of an external stenosis [38]. 
The effect of the administration of TP9201 on the fre- 
quency and rate of arterial recanalizarton and on the 
prevention of early and late reocclusion, as well as 
Its effect on clot lysis, were evaluated. 



Methods 



Animal investigation 

These studies conform to the 'Position of the American 
Heart Association on Rese^irch Animal Use^ (U Novem- 
ber 1984). Tlie procedures followed in this study tvere in 
accordance with the guidelines of the University of Michi- 
gan (Ann Arbor) Committee on the Use and Care of An- 
irrials. Veterinary care was provided by the University of 
Michigan Unit for Laboratory Animal Medicine. The Uni- 
versity of Michigan is accredited by the American Associ- 
ation of Accreditation of Uboratoiy Animal Care, and the 
animal care and use program conforms to the standards in 
The Guide for the Care and Use of Laboratory Animals,' 
Department of Health, Education, and Welfare Publication 
number NIH 78-23. 



Surgical preparation and instrumentation 

The surgical preparation and instrumentation of the ani- 
mals has been described in detail previously [381. Briefly, 
mongrel dogs weighing 14-21 kg were anesthetized with 
sodium pentobarbital (30mg/kg intravenously), intu- 
bated, and x/entilated with room air at a tidal volume of 
30 ml/kg and a frequency of 12 breaths per minute (Har- 
vard respirator^ Harvard Apparatus, South Natick, MA). 
The left carotid artery and internal jugr^ilar vein were ex- 
posed, and catheters were inserted to monitor arterial pres- 
sure (Statham P23DC Pressure Transducer, Spectra Med, 
Critical Care Division, Oxnard, CA) and the infusion of 
drugs, respectively. A left thoracotomy was performed in 
the fifth intercostal space and the heart was suspended in 
a pericardial cradle. A 2-cm section of the LCX coronary 
artery was isolated proximal to the first obtuse marginal 
branch and instrumented from proximal to distal with an 
electromagnetic flow probe (Model 501, Carolina Medical 
Electronics, King, NC), an intracoronary catheter electrode, 
and an adjustable mechanical occluder. 

The stimulab'on electrode was constructed from a 25-gauge 
stainless steel hypodermic needle tip attached to 30-gauge 
Teflon-insulated, silver-coated copper wire. The mechani- 
cal constrictor was constructed of stainless steel in a C- 
shape with a Teflon screw (2 mm diameter), which could 
be manipulated to control vessel circumference. The con- 
strictor was adjusted to decrease the reactive hyperemic 
flow (resulting from a 10-second mechanical occlusion) by 
30% without affecting mean resting coronary blood flow. 
The small intervening coronary branches over the 1-2 -cm 
segment were ligated- Throughout the protocol, contin- 
uous recordings of the limb lead U ECG, arterial pressure, 
and mean and phasic coronary artery blood flow wen? 
obtained on a Grass model 7 polygraph recorder (Grass 
Instrument Co., Quincy, MA). 
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Protocol 



Thirty minutes after surgital preparation of the animaJ, a 
lOn^A continuous anodal direct current was applied to 
the lumirul surface of the LCX coronary artery via the in- 
tracoronary electrode [39]. The anodaJ direct current was 
delivered froTii a 9 V nickd- cadmium battery with the an- 
ode connected in series via a 250000^2 potentiometer to 
the intraluminal coronary Artery electrode. The electrical 
circuit was completed by placing the cathode in a subn 
cutaneous site. The anodal current was maintained until 
the LCX artery blood flow decreased to, and remained 
at, Oml/min for 30min. The resulting electrolytic lesion of 
t>ie endothelial surface of the artery produces a thrombo- 
genie environment and ultimately an occlusive thrombus 
IS formed- As this process eyolves, oscillations in coronary 
artery blood flow occur. These oscillations are attributed 
to enhanced vasomotor activity of the vessel, the for- 
mation and dislodgement of partially occlusive platelet 
thrombi such as those described by Folts et al. [40], or a 
combinarion of these events. Current was delivered to the 
electrode for up to 3K or was switched off after 30min 
of persistent thrombotic LCX coronary artery occlusioa 
whichever occurred first Me^n LCX coronary artery blood 
flow was recorded with a calibrated extracorporeal electro- 
magnetic flow probe and was pJotted as a function of time 
during reperfusion. Occlusion was defined as a Oml/min 
LCX coronary artery blood flow, detected by the flow 
probe^ with ST-5egn:ient elevation on limb lead il of the 
ECG. The study was initiated 30min after thrombotic oc- 
clusion of the LCX by a bolus injection of TP^ZOl (or saline 
in control animals) immediately followed by an infusion to 
maintain steady state drug pflasma levels for 3h. Five min- 
utes after the bolus injection/l mg/kg rt-PA (Activase) was 
given as follows: 10% as a bolus and 50% as an infusion 
during the first hour/20% as an infusion during the sec- 
ond and third hours. The study was stopped either after 
the discontinuation of drug administration or, in some an- 
imals, after an additional 90min had pass^. The return of 
blood flow to 10% of baseline or above was considered to 
indicate reperfusion. Vessel patency was defined as con- 
tinuous blood flow at 10% baseline flow or above. Cyclic 
flow variations were considered to be reoeclusion events 
even if subsequent reperfusdon occurred. Bleeding time 
incisions were made using an automated Spring loaded de- 
vice (5impIate-IL General Diagnostics, Morris Plains, N J.) 
applied to the surface of the tongue. The heart was electri- 
cally fibrillated, excised, rinsed, blotted dry, and weighed. 
The LCX corona r>^ artery was isolated, dissected free, and 
the blood clot removed for Weighing. 



Ex-vivc> platelet aggregation was determined by estab- 
lished spectrophotometric methods with a four-channel 
^ggregometer (BioData-PAP-4, BioData Corporation, Hat- 
boro, PA) by recording the increase in light transmission 
through a stirred suspension of FRP maintained at 
Aggregation was induced wnh ADP (30 ^M) or collagen 
(lOUg/ml). Values were expressed as a percentage of ag- 
gregation. This represents the percentage of light transmis- 
sion standardized to PR? and PPP samples yielding 0% 
and 100% light transmission, respectively. Citrate-antico- 
agulated pla^a was used to study the pnathrombm time, 
activated partial thromboplastin time, and the fibrinogen 
concentration as described previously [20]. 



Reagents 

Single-chain rt-PA was obtained from Genentech, Inc. 
(South San Francisco, California). The peptide TP9201 
(acetyl-L-cysteinyKL-asparaginyl^L-propyl-L-arginyl-gly- 
cyl-L-a-aspartyl-o-methyl-L-tyrosyl-L-arginyl-L-cysteine- 
amide, cychc 1 to 9-sulfide) was supplied in a crystalline 
form by Telios Pharmaceuticals, Inc. (San Diego, Cali- 
fornia). Peptide TP9201 inhibits platelet aggregation in 
citrated human plasma with TC50 of 0,2 mM and in hep- 
arinized human plasma with JC50 of 2.7 [36,37]. The 
initial dose of TP9201 (llS^ig/kg) was dissolved and ad- 
ministered in 10-ml pyrogen-free 0S% sodium chloride 
solution for injection. The infusion dose (2.7|xg/kg/min) 
was dissolved in the appropriate amount of pyrogen-free 
sodium chloride solution and administered for 3 h at a rate 
of 0.4mJ/min immediately after the bolus dose (total dose 
was 0-6 mg/kg). This dose and administration regimen 
was selected to maintain complete inlMbition of platelet 
^gff^^g^tion ex vivo during the course of the experiment. 



Statistical analyses 

The data are expressed as means ± SD. Differences be- 
tween groups were analyzed using the Student's t-test 
when applicable. Time-dependent changes in hemody- 
namic parameters, platelet counts and aggregations, and 
coagulation profile were determined by repeated analy- 
sis of variance. If a significant interaction was present the 
Bonferroni multiple comparison method was used to de- 
termine which treatment means differed, significantly. The 
Fisher exact test was used to assess the difference in the in- 
cidence of thrombosis and the incidence of cyclic flow os- 
cillations betv\^een treatment groups. Differences between 
groups were considered significant if 0,05. 



Platelet aggregation and coagulation studies 

Blood (20 ml) was withdrawm from the jugular cannula 
mto a plastic syringe contaiiriing 3.2% sodium citrate as 
the anticoagulant (citrate volume to blood volume ratio 
1 ;10) at baseline, 15, 75, 135min and 3h after treatment 
with cither TP9201, or saline vehicle. The platelet count 
was determined with a Haema Count MK^/HC system 
().T. Baker AJlentown, PA). Platelet-rich plasma (PRP), 
the supernatant present after ccntrifuging andcoagalated 
whole blood at lOoo rpm for 5min (140 g), was diluted with 
platelet-poor plasma (PPP) to achieve a platelet count of 
200 000/ ^1, PPP was prepared! ^^^^ removed 
by centrifuging the remainingj blood at 12 000^ for 10 mm 
and discarding the bottom celhular layer. 



Results 

Group characteristics 

Sixteen dogs were studied successfully under the de- 
scnbed protocol. After surgical preparation, each 
animal was assigned randomly to either the rt- 
PA/saline group (n = 9) or the rt-PA/TP9201 group 
(n = 7). The mean body v^/eight did not differ between 
the control (17.4± 1.6kg) and TP9201 (16.5± 2.7kg) 
groups. The weight of each heart was determined 
post mortem and there was no difference between 
the two groups. Baseline measurements of various 
hemodynamic parameters (heart rate, mean arterial 
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Table 1. Coronary artery patency status. 



Treatment 



Control. rt-PA 
TP9201, rt-PA 
Statistical significance: 
control versus TP9201 



Persistent 
patency 



Cyclic reflow 
with reocdusion 



0/9 
4/7 

P=0.019 



7/9 
3/7 

P=0.16 



Reflow with 
reocclusion 



2/9 
0/7 

^=0.30 



Occluded at end 
of drug treatment 
(180 min) 



5/9 
0/7 

0-029 



Occluded at 

end of 
experiment 



7/9 
1/7 

P= 0.020 



pressure, and LCX cor<?aary artery blood flow) were 
not different between the groups. Coronary blood 
flo w in the LCX vesisel was similar between the 
two groups at the initiation of the protocol (control 
34.9 ± 14 ml/min versus TP9201 37.3 ± 11.5m]/rTun). 
The time required for occlusive thrombus formation 
to occur (at which time coronary flow was :?ero) was 
the sam^ in control and TP9201 groups. In each of 
the two groups studied, the LCX coronary artery oc- 
cluded within 3 h of the application of anodal current 
to the intimal surface of the artery. 



Vessel patency and coronary artery thrombosis 

The effect of peptide irP9201 on thrombolysis and 
re-thrombosis was determined (Fig, 1). There was 
a sligt\t decrease in the time to thrombolysis in the 
TP9201 -treated animals compared with those treated 
with saline. The mean time to lysis in the pres^ 
ence of TP9201 was 54.4 ± 42.9 min compared with 
76-6 ± 42.5 min in the control group. The difference, 
however, was not statistically significant (P = 0-32). 
By contrast, the mean; time to first reocclu$ion af- 
ter initial lysis was significantly increased from 
5.0 ± 5.8 min in the control group to 89.1 ± 92.9 min 
with TP9201 treatment; (P< 0.05). Peptide treatment 
resulted in a 2,8-foId| mcreasc in the mean du- 
ration of vessel patency from 52.7 ± 63.7 min to 
149.1 ± 63.7 min compared with control (P< 0.05). 
At the same time, TP9201 treatment reduced the 
mean duration of vessel occlusion 2.4-fold from 
172.4± 81.1 min to 71.7i 63.7min (P< 0.05). All nine 
animals in the control group reoccluded after initial 
thrombolysis, but four lout of seven animals in the 
TP9201 -treated group remained persistently patent 
throughout the course 'of the experiment (Table 1). 
Only three out of seven animals in the TP920I- 
treated group showed' cyclic reflow with reocclu- 
sion, whereas all nine arumals in the control group 
showed either cyclic reflow with reocclusion (n-7), 
or reflow with reocclusion (n » 2), At the end of drug 
treatment (180 min) non)e of the seven TP920I-tTeated 
animals was occluded , compared with five out of 
nine arumals in the control group (Table I). These 
results clearly show that treatment with TP9201 im- 
proves the overall vessel patency, after thrombolysis 
with rt-PA. In some animals the length of the exper- 
iment was extended up to an additional 90 min af- 
ter drug treatment. At the end of the experiment, six 



out of seven TP9201-treated animals remained patent 
compared with two out of nine animals in the con- 
trol group (Table 1). Overall, there was no difference 
between the mean duration of the experiment with 
TP9201 (225 ± 38.6 min) and that of the salme control 
group (220 ± 44.2 min). 



Time '-^OO 
(min) 



200 - 




Mean tinr>e Mean duration Mean 
to fysis of vessel duration 

patency of vessel 

occlusion 



a Control (n=9) 
m TP9201 (n^7) 
* P < 0.05 



Fig» 1. Thromt>olys)s and re-thrombosis. Mean time to lysis 
is the average lime from TP9201 or saline administration to 
first lysis of the thrombus measured by LCX coronary artery 
blood flow (mean ± SD). Mean duration of patency (mean 
± SD) Is the average time of LCX coronary artery blood flow 
and mean duration of ocxilusion (mean i SD) is the aver- 
age time LCX coronary artery blood flow was undetectable 
for the duration of the experiment. Asterisks indicate signif- 
icant difference (P< 0.05) from the control value. 



Thrombus weight 

At the conclusion of the experimental protocol, 
the thrombus was removed from the LCX coro- 
nary artery and weighed. A residual thrombus was 
present in every animal. The mean thrombus weight 
from the control group was 9.6 ± 7mg compared 
with 5-0 ± 2-7 mg from the TP9201 group. The mean 
thi'ombus weight from the TP9201- treated animals 
tended to be less compared with the control group, 
but the difference was not slatistic^lly significant, Al- 
though a small thrombus was present in each of the 
seven animals in the TP9201-treated group, only one 
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thrombus was occlusive and the remaining six ani- 
mals had patent coronary arteries at the end of the 
protocol By contrast, seven out of nine animals in 
the control group had occlusive thrombi at the con- 
clusion of the experiment. 



Platelet aggregation studies 

The platelet aggregatory response to ADP and the 
platelet counts of the control and TP9201-treated 
groups were not different at baseline. The data for 
the platelet aggregation studies during TF9201 treat- 
ment are summarized in Table 2. The aggregation re- 
sponse to ADP during treatment with TP9201 was 
completely inhibited (Table 2), and the same result 
was found for the aggregation response to colla- 
gen (lOjLLg/ml) or arachidbnic acid (0.375 mM)(data 
not shown). The platelet counts during TP9201 treat- 
ment varied and ranged from 396000 to 494 000/^jlJ, 
well within the normal range. Platelet counts did not 
change significantly over i the course of the exper- 
iment (Table 2). Therefore, the presence of TP9201 
did not cause thrombocytopenia. 



Hematology and hemodynamic responses 

It has been reported in pre\aous in-vivo studies with 
^iltp3 antagonists that template bleeding time is 
increased as a result of drug treatment [20,34,35]; 
therefore, the effect of TP9201 on the template bleed- 
ing time at efficacious doses was determined. At the 
onset of the experiment, template bleeding time was 
similar between the two study groups (Table 3). Dur- 
ing the course of drug treatment, the template bleed- 
ing times in some animals of both groups were trans- 



iently increased after rt-PA administration. Fluctua- 
tions in the bleeding time measurements were de- 
tected, but there was no significant increase in the 
bleeding time of the TP9201 -treated group (Table 
3). No excessive bleeding or oozing from the sur- 
gical wounds of the treated animals was observed. 
TP9201 had no effect on the prothrombin time, par- 
tial thromboplastin time, and fibrinogen concentra- 
tion as determined in a separate group of animals 
not treated ^vith rt-PA (data not shown). The mean 
arterial pressure and heart rate of all animals were 
recorded continuously throughout the protocol. No 
significant changes were noted over time within ei- 
ther group and no differences between groups were 
detected (data not shown). 



Pharmacodynamic properties of peptide TP9201 

The TP9201 dose used in this experiment group wa$ 
derived from the results of pharmacodynamic exper- 
iments in a separate group of dogs. A bolus injection 
of 50|ig/kg TP9201 causes immediate ex-vivo in- 
hibition of platelet aggregation in citrated plasma. 
This effect was sustained by a continuous peptide 
infusion of 1.2^g/kg/min (Fig. 2). Thirty to forty 
minutes after discontinuation of TP9201 administra- 
tion, ex-vivo platelet activity begins to recover and 
reaches baseline values within 2-3 h. The pharma- 
codynamic half-life of TP9201 is estimated to be ap- 
proximately Th and the minimum dose required to 
maintain effective inhibition of ex-vivo platelet ag- 
gregahon stimulated by ADP (30 pM) or collagen 
(10p.g/ml) was determined to be 37|ig/kg bolus 
followed by continuous infusion of 0.9 jj.g/kg/min 
(data not shown). Peptide TP9201 inhibits platelet 



Table 2. Ex-vivo ADP-induced platelet aggregation and platelet count during TP9201 treatnnent. 



TP920l/rt-PA treatment 



Saline/rt-PA treatment 



Timepoint 


Platelet aggregation 


Platelet count 


Platelet aggregation 


Platelet count 


(min) 


(%) 


(103/^Al) 


(%> 


(103/jiLl) 


Baseline 


70± 18 


417± 142 


63± 7 


359 ± 99 


15 


-5± 8 


451 ± 184 


31 ± 10 


291 ± 123 


75 


-2± 10 


493 ± 320 


45± 11 


357± 120 


135 


-5± 11 


396 ± 267 


ND 


289± 115 


180 


-2± 7 


494 ± 260 


24± 9 


345 ± 145 



ND, not determined. 



Table 3. Average template bleeding time in control and TP92 01 -treated animals. 



Treatment 



Saline. n-PA 
TP9201, rt^PA 



Baseline 



15 min 



75 min 



1 35 min 



2.8 i 1 min^^ 
2.1 ± 1 minc) 



4.1 mint') 
1.5min^J 



2-5± 0.7 mine) 
3 m'm^) 



1.8± O.Smincl 
4min^l 



a) 0= 1, t>) n=:2 . n^4 to 6. Biaseline versus 180 mm in both groups not significant {P> 0.05). 



18D min 



1.9± 0.5 mine) 
3± 0.7 min^) 
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aggregabon in citxated dog plasma with IC^ of 
?7 w ^^1.^ >ieparinized dog plasma with IC^o ot 
i./jiM- These ICso] values correspond lo 0.34LLe/m] 
and 1.93 fig/ ml plasma, respectively. 



Discussion 



The present shady shows the effect of the RGD-con- 
tainmg cj'clic peptide TP9201 on thrombolysis and 
re-thrombosis m a canine model of experi men tally 
induced coronar>^ artery thrombosis. The electrolytic 
injury results in endothelial denudation, intimal wall 
mjury, and the formation of an occlusive thrombus 
at the site of an external constrictor. The external 
constrictor mimics atherosclerotic narrowing of a 
coronary vessel [38i. At the site of vessel injury 
an occlusive pJatelet-rich thrombus firmly adheres 
to the damaged region, thus exhibiting many fea- 
tures similar to clinical thromboHc lesions. We show 
that TP9201 txeatmerit can inhibit re-thrombosis after 
thrombolysis and can significantly improve over- 
all coronary artery patency compared with a con- 
trol group treated with rt-PA alone. Acceleration 
of thrombolysis in the presence of TP9201 was ob- 
served but was not statistically significant. This ap- 
parent acceleration of thrombolysis may be a net ef- 
fect of decreasing time to lysis through inhibition of 
re-thrombosis during thrombolysis. 

Improvement of thrombolysis and inhibition of re- 
thrombosis has been I reported previously with the 
ctllbPi-specific monoclonal antibody 7E3 and with 
various RG l>containing pepHdes [16-20,25,26,2930, 
32-35). Although 7Ei has been shown to be effica- 
cious in several animal models of thrombosis as well 
as in clinical studies ' [41], certain drawbacks exist. 



Aggregation 
(% of control) 



Monoclonal antibodies are potentially immunoeenic 
even after the replacement of murine sequences with 
human ones [21]. The inhibitory effect of monoclonal 
antibodies on platelet aggregahon is irreversible and 
the inhibited platelet population must be replaced 
before normal hemostasis can be achieved. Mono^ 
clonal antibodies that inhabit a^^^, increase signif- 
icantly the template bleeding time in animals and m 

f^T^'^u f""^^ ^^'^^ '^'^^ thrombocytopenia 

[421. The high bleeding times are not readily re- 
versible and will only slowly decrease with the for- 
mation of new platelets or with infusion of platelet 
concentrates. Although it has been recently reported 
that template bleeding time does not correlate with 
bleeding events in a patient population receiving 
the 7E3 antibody, the potential problems of surgi- 
cal bleeding and blood Joss caused by irreversible 
^lIbP$ blockage have not been addressed [42]. Small 
RGD-contaming peptides may have certain advan- 
tages over anbp3-inhibiting antibodies because, like 
many other small peptides, they are fast-acting, re- 
versible, and not immunogenic [43,44]. 

The relation between antithrombotic effect, ex-vivo 
platelet aggregation and bleeding time prolonga- 
tion in the presence of TP9201 was studied. Our 
observations suggest that TP9201 is efficacious in 
the present coronary thrombosis model at doses that 
only partially inhibit ex-vivo platelet aggregation un- 
der physiological conditions. The larger ICso value in 
heparinized blood (which represents a more physio- 
logical environment than citrated blood) was found 
to be a consequence of the calcium concentration and 
was not caused by the presence of the anticoagulant 
[36]. This apparent separation of activity under two 
different conditions appears to be a unique feature 
of TP9201 not observed with other similar RGD- 
containing peptides [36]. Other RGD-containing pep- 




0 20 40 60 80 700 120 140 T6n 180 200 220 240 
t 50; 1.2 I Stop infusion 

Time (min) sind dose (jug/kg bolufi; pg/kg/min infusion) 

-o— ADP-citrat* 
• CoIIagen-cftr;i(e 



Fig, 2. Canine pharrTiacodynamics 
with TP9201. Platelet aggregation 
(% of control) was determined ex 
vivo in citrated platelet-rich plasma 
before and after TP9201 bolus (50 
jig/kg) administration followed by 
a 1h infusion (1.2^g/k9/min) using 
ADP (30|uM) or collagen (lOjig/m!) 
as agonists. After discontinuation of 
drug administration, ex-\/ivo platelet 
aggregation was monitored until 
platelet activity reached baseline 
values. Figure shows typical results 
obtained from one experiment in 
one animal. 
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tides have been shown to be efficacious only af- 
ter substantial inhibition pi platelet aggregation has 
been achieved [34]. In thiese cases, however, an in- 
crease m template bleeding time was observed It 
IS possible that differences among RGD-containing 
*^iibP.3 peptide antagonists exist and that they may 
differ in their mechanism of action. 

Measurement of inhibitory activity in heparinized 
blood seems to be more relevant to physiologi- 
cal conditions and therefojre should predict efficacy 
However, TF9201 achiev^ its anHthrombotic effect 
with moderate inhibition >of platelet aggregation in 
heparinized blood. Peptide TP9201 was found to be 
efficacious at doses that dcJ not completely inhibit ex- 
VIVO platelet aggregation in heparinized plasma and 
do not increase the template bleeding time. This re- 
sult suggests that TP9201 may be used safely over a 
wide therapeutic dose range. Peptide TP9201 had no 
effect on prothrombin tirrie, partial thromboplastin 
time, and fibnnogen concentration, which suggests 
that jt achieves its antithrombotic effect vidthout af- 
fecting the coagulation parameters. By contrast, a 
recombinant form of hirut^in (r-hirudin), a specific 
and potent inliibitor of thrombin that was shown to 
decrease the incidence of jthrombosis in this same 
thrombosis model increased the prothrombin time 
1.5-2-foId and the partial thromboplastin time 2.5- 
fold [45). Ex-vivo platelet aggregation induced by 
arachidonic acid or collagen was not affected by r- 
hirudin, which may explain why the drug has orUy 
a parhal inhibitory effect on the platelet-rich thrombi 
produced in this model. 

In this model, treatment wiih TP9201 during throm- 
bolysis does not result ini the eliminahon of the 
thrombus or in a significajnt reduchon of its size- 
However, inhibition by TP9201 administration of 
ex- vivo platelet aggregation induced by ADP, col- 
lagen, arachidonic acid, oij thrombin may explain 
the observed trend in decreased platelet accumula- 
tion onto the surface of the injured vessel, thus in- 
fii biting extensive propagation and formation of an 
occlusive thrombus in the vessel lumen. A similar re- 
duction of thrombus mass,! but not total inhibition 
of thrombus formation, was observed in the same 
model during treatment with hirudin [45]. Hirudin 
treatment, however, did not alter thrombus compo- 
sition with respect to the numb>er of platelets per 
milligram of thrombus maiss. Platelet aggregation 
responses to collagert arachidonic acid, and proba- 
bly ADP were not altered diiring hirudin treatment. 
ITierefore, platelet aggregati]on stimulated by agents 
other than thrombin may occur and could contribute 
to mtravascular thrombus formation- In this model, 
it appears that antiplatelet therapy is more effective 
than antilhrombin therapy in preventing coronary 
.artery re-thrombosis and thdt TP9201 may constitute 
ci preferred agent for the prevention of platelet-me- 
diated arterial thrombosis [46]. The peptide TP9201 
may enhance the efficacy oi- anhthrombin therapy; 
however, the clinical efficacy of antiplatelet therapy 
versus direct thrombin inhibition with agents such as 



r-hirudm has yet to be determined. In addition, it is 
not known what length of treatment is required with 
either antiplatelet or antithrombin agents to achieve 
long-term efficacy and elimination of a rebound ef- 
fect after discontinuation of drug treatment. 

Thrombolytic therapy is at present underused in the 
USA even though it provides substantial reducrions 
m morbidity and mortality rates [47]. This underuse 
is primarily a result of ineligibility criteria, two of 
which are advanced age and specific contraindica- 
tions; both criteria include a perceived increased 
risk of hemorrhage from thrombolytic therapy. We 
propose that adjunctive antiplatelet therapy with 
TP9201 may reduce the risk of hemorrhage asso- 
ciated with thrombolytic therapy because the ef- 
fective dose of the thrombolytic agent may be de- 
creased, thus redudng the hemorrhagic risk without 
compromising thrombolysis. Some ineligibility crite- 
ria could then be relaxed and more patients could 
benefit from thrombolytic therapy. Reduction of re- 
thrombosis achieved by TP920I treatment may also 
translate into reduction in the need for secondary in- 
tervention such as angioplasty or cardiopulmonary 
bypass, or it may result in an improvement of car- 
diac function and a reduction in infarct size. Also, the 
efficacy of thrombolytic therapy in othervvise non- re- 
sponsive patients may be increased in the presence 
of this ajibp3 antagonist. 
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Abstract 

The association of the (v^ j3, integrin with tumor metastasis and tumor related angiogenesis has been suggested. Therefore, by imaging 
the rt, jB^, receptor with PHT, information concerning the tumor status could be obtained. C\'clic peptides including the RGD sequence, were 
radiolabeled by direct electrophilic fluori nation with ['^F]AcOF. hi tumor-bearing mice, the labeled peptides accumulated at the tumor with 
a high tumor to blood ratio. These findings suggest that an assessment of tumor characteristics may be obtained by using these '^F-labeled 
peptides, 2002 Elsevier Science Inc. All rights reserved. 
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L Introduction 

Integrins are a family of transmembrane glycoproteins 
with relatively small cytoplasmic domains [24]. They con- 
sist of two subunits, a and ^3, and to date, 25 different 
integrin cvj3 heterodimers have been reported [23]. Integrins 
function as receptors for extracellular matrix (HCM) pro- 
teins or for membrane bound counter-receptors on other 
cells, such as laminin, fibronectin, collagen and vitronectin. 
Through this activity, they mediate cell adhesion to ECM 
proteins or to the surfaces of other cells [39]. Generally, an 
individual integrin may recognize several distinct proteins 
[25.48]. 

lumor cell adhesiveness correlates with the metastatic 
ability of that tumor [1,40]. Among the integiins, the a^,^^ 
receptor, also known as the vitronectin receptor, has been 

Ahhveviaiions: .MeVal, niethylvaline; FPhe, fluorophenylalanine. 
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reported to be involved in tumor cell migration [15,28]. The 
receptors are expressed on metastatic tumor cells, and, 
their expression is restricted to cells within a vertical growth 
phase [2]. In addition, the cc^p^ integrin is involved in 
angiogenesis [46]. The a^.li^ receptors are expressed abun- 
dantly on capillary blood vessels, which are essential to 
tumor growth during angiogenesis, while they were not 
detectable on normal blood vessels [6]. Furthermore, antag- 
onists of tx^ lii, integrin are reported to induce the apoptosis 
of angiogenic vascular cells [7]. Thus, the a^fi^ integrin 
participates in tumor metastasis and tumor-related angio- 
genesis. In order to enhance tumor detection and to measure 
the tumor's metastatic potential, we have developed an 
receptor-nnagmg agent for use in positron emission tomog- 
raphy (PET). 

Several radiolabeled ligands of the a^j33 receptor have 
recently been developed [5,11,18-21.27,33.34,44], based 
on the integrins recognition of the Arg-Gly-Asp (RGD) 
sequence of adhesive proteins [41]. Linear peptides contain- 
ing R(.i[3 sequences have been labeled with '^'^'"'fc, '^^Re, 
"Mn. In addition, cyclic peptides, which are stronger 
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EXHIBIT B 



and mcirc selective inhibitors ot cell adhesion compared to 
linear variants [3], ha\e also been labeled with '"^I, "'hi 
and 

Indirect multi-step methods have been reported tor the 
synthesis of nuonne- 1 N-labeled peptide euher m a liquid 
phase [13,32] or in a solid phase [47]. However, these 
methods recjuire a large lliiorinated component for the in- 
troduction of fluorine into the peptide, hi some cases, these 
components may alter the nature of the peptide to a large 
extent. Therefore, we developed a smiple direct fluorine- 
introducing method for peptides containing a phenylalanine 
residue using an electrophilic reaction. This methodology is 
also advantageous as it does not alter the net structure and 
the biochemical nature of the peptide. In this study, we 
selected cyclo(Arg-Cily-Asp-i)-Phe-MeVal) (cyclo(RGD- 
fMeV)) as a substrate for fluorination since this phenylala- 
nine containing peptide has the highest affinity to a,,j33 [12]. 
Subsequently, we evaluated the feasibility of the radioflu- 
orinated peptide as an fv.j^. integrin associated tumor im- 
aging agent for PH T. 

2. Materials and methods 

2. 1 . General 

Only reagent grade chemicals wxre used. All reagents for 
peptide synthesis were purchased from Watanabe Chemical 
Industries, Ltd. (Hiroshima, Japan), Nacalai Tesque Inc. 
(Kyoto, Japan) and Wako Pure Chemical Industries Ltd. 
(Osaka, Japan). Male BALBIc-nu/mi mice were supplied by 
CLEA Japan, Inc. (Tokyo, Japan) and DLD-1 cells (human 
colon adenocarcinoma) were purchased from Human Health 
Science Foundation (Tokyo, Japan). 'H NMR spectra were 
recorded using a Bruker AM 600 spectrometer at 600 MHz 
'H frequency in DMSO-t/^. Ion-spray mass spectra were 
obtained with a Sciex API///E triple quadrupole mass spec- 
trometer. An automated gamma counter with a Nal(Tl) 
detector (COBRA, PACKARD) was used to measure the 
radioactivity of samples from the animal. The present ani- 
mal study was approved by the Animal Care and Use 
Committee of the National Institute for Longevity Sciences. 

2.2. Synthesis of the eyelie pentapeptide, eyclofAr^^-GIy- 
Asp-D-Fhe-MeVid) /1 2/ 

A protected peptide, cyclo[Arg(Mts)-Gly-Asp(OBzl)-D- 
Phe-MeVal], was constructed using a similar Boc-based 
solution phase synthetic strategy with that described for the 
preparation of the pseudopeptide, cyclo(Arg-Gly-Asp-n- 
Phe-^[(/OCH=CH]-Val) [37]. The protected peptide was 
treated with IM TMSBr-thioanisole-TFA in the presence of 
///-cresol (room temperature, overnight) to remove the pro- 
tecting groups. Usual \stirkup and purification by reversed 
phase HPLC (Cosmosii 5C 18-ARll column, 20 X 250 mm, 
Nacalai lescjuc Inc. Japan) elutcd with 17"n (^11 ^CN in 



water yielded the title compotmd, w hich was fulK charac- 
terized by mass-spectrometry aiul ammo acid analysis of the 
6N HCI hydrolysate, 

2.3. Synthesis oj (he lluonncneJ evelie penttipeptide, 
cyelo (A z^- Gl\ -A sp-/ )~ I 'Phe- Me \ al) 

After convert mg /?-mtrophenyIcarbonate Wang resin 
[14,16] to the hydra/ino linker by treatment with excess 
hydrazine hydrate, the resin-bound peptide was constructed 
using the standard Fmoc-based solid phase synthesis. 
Amino acid coupling was performed using PyBrop-DIFA 
for MeVal and o-FPhe and DlC-HOBt for others. After 
deprotection by treating with IM f MSBr-thioanisole/TFA 
in the presence of ///-cresol (0"'C, 2 hr). the mixture was 
purified by reversed phase HPLC (Cosmosii 5C18-ARII 
column, 20 > 250 mm, Nacalai fesque Inc.. Japan) eluted 
w^ith 14% CH3CN in 0.1% TFA aq. to give the acyclic 
peptidehydra/ide (H-Asp-o-FPhe-Val-Arg-Gly-NHNH^). 
The peptidehydrazide was cyclized by the azide method 
[22] under high dilution condition in DMF. Subsequent 
HPLC purification was performed using the same column as 
above with gradient elution using CH3CN-H2O (84:16 to 
80:20) in 0.1% TFA to yield the cyclic peptides. Three 
cyclic peptides, each containing 2-F, 3-F and 4-F substituted 
D-Phe regioisomers. were prepared by the same method, and 
were characterized by 'H-NMR, mass-spectrometry and 
amino acid analysis of the 6N HCI hydrolysate. 

2.4. Direct radiofiuorination of the peptide 

['^F]F2 was produced by deuteron irradiation of "^*^Ne gas 
containing a small amount of carrier F2 (0.15%), and was 
subsequently converted to ['^F]AcOF by passing through a 
CH3COONa-3H.O column. ['^'FJAcOF was bubbled into 2 
mL of trifluoroacetic acid (TFA) containing various amount 
of cyclo(Arg-G!y-Asp-D-Phe-MeVal) (cyclo(RGDfMeV)) 
at a flow rate of 1 00 mL /min at room temperature. After the 
removal of TFA with N2 gas flow, the residue was dissolved 
in 4 mL of 25% acetonitrile in water and separated by 
HPLC using a reverse-phase column (CAPCELL PAK C-18 
UG120, 20 > 250 mm, Shiseido, Japan) eluted with a 
mixture of CH3CN and 0. 1% TFA in water (25:75) at a flow- 
rate of 10 niL/min. Fhe HPLC profiles are shown in Fig. 2. 
For animal studies, two radioactive fractions containing 
'^F-labeled peptides, fraction I and fraction 2, were col- 
lected. After evaporation of the mobile phase, the residue 
was dissolved in 5% ethanol-saline and filtered (MILLI- 
PORE VENTED MILLEX-GS 0.22 jLxm). The specific ac- 
tivity was measured by comparing the UV peak area (220 
nni) of an unlabeled standard. 

2.5. Intei^rin-hindini^ assny 

Compounds were e\aluated for their inhibitory activities 
in (vJJ. and (t'j|(J:},-f LISA {en/yme linked immunosorbent 
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Fig. ]. Riuiidsynthctic scheme of [ ' ^F]nuonnaIed cyclo(R(jDfMeV) by direct fluorination with ['"FjAcOF 



assay). avi^3 [^'^1 ^^'^^^ purified from human placenta, using 
RGDSPK-sepharose CL-4B chromatography, followed by 
mono Q chromatography ( IMiarmacia). [-^^] was pu- 

rified from human platelet by RGDSPK-sepharose CL-4B. 
cc^.fiy and OL\\\;,(ii, binding assays were performed according 
to the modified method of Kouns et al. [30]. EIA plates 
(Nunc, Denmark) were coated with a^fi^ or a,,^j33, and 
blocked with bovine serum albumm. In each reaction, the 
reaction mixture (20 mM I ris-HC 1, 150 mM NaCI, 1 mM 
CaCU, 1 mM MgCk, pH 7.4, 100 /al) including vitronectin 
(Calbiochem, USA) or fibrinogen, added to the receptor- 
coated plate was incubated for 4 hrs at 25°C- Thereafter the 
ligand bindmg was measured using anti-vitronectin rabbit 
antibody (Calbiochem, USA) and peroxidase-conjugated 
anti-rabbit IgG antibody (Capell) for a,j33, or peroxidase- 
conjugated anti-fibrinogen antibody (Capell) for of[jbi33, and 
2, 2'-azino-bis(3-ethylbenzthiazoiine-6-sulfonic acid) (Sig- 
ma, USA) as the substrate of peroxidase. The IC50 values 
were determined from measurement of absorbance at 415 
nm. 

2.6. Tissue distribution 

DLD-1 (human colon adenocarcinoma) bearing male 
BALB/c-AH/Z/H/ mice were prepared by the subcutaneous 
injection of the tumor cells under the skin on their backs. 
Two weeks after the dissemination, the mice were used for 
the biodistribution study. The mice were injected with 0.37 
MBq of each '^K-labeled peptide through a tail vein. The 
animals were killed and dissected at 5 and 60 min after the 
injection of the radiotracers, h or in vivo blocking study, the 
mice were treated with 8.6 nig/kg cyclo(RGDfMeV) intra- 
venously, simultaneously with the ['^F]2-F-cycloRGD in- 
jection. Then the mice w ere killed 60 min after the injection. 
The dissected tissues were weighed and the radioactivity 
was measured by the automated gamma counter. Data were 
calculated as the percent iniected dc^se per gram of tissue. 



3. Results 

,f /. Radiosynthesis 

The labeling of cyclo(RGDfMeV) was accomplished by 
direct fluorination using ['^F]AcOF (Fig. 1). As shown in 
radiochromatograms of the reaction mixture (Fig. 2), four 
radioactive fractions containing ['^FjAuorinated cyclo- 
(RGDfMeV) were observed. Mass spectroscopy indi- 
cated that fraction 1 and 2 were mono-fluorinated iso- 
mers, with a small amount of contaminant di-fluorinated 
congener in fraction 2, while fraction 3 and 4 were 
di-fluorinated isomers. The HPLC retention time of frac- 
tion 1 was consistent with that of a sample of authentic 
cycIo[Arg-Gly-Asp-D-(2-F)Phe-MeVal] (2-F-cyclo- 
RGD). Furthermore, 'H-NMR analysis identified fraction 
1 as 2-F-cycloRGD (Fig. 3). The 3- and 4- fluorinated 
isomers showed similar retention times in HPLC, which 
were equivalent to that of fraction 2. 'H-NMR indicated 
that fraction 2 was comprised mainly of 4-fluorinated 
isomer, although a slight amount of 3-fluorinated and 
di-fluorinated peptides may also be present (Fig. 3). Since 
the separation of the isomers in fraction 2 was difficult, 
we conducted the animal studies using the mixture. The 
specific activity of fraction 1, f ' ^F12-f-cycloRGD was 
32.8 GBq/mmol at the end of synthesis (FOS). The av- 
erage time for synthesis was 2S) mm trom the end of 
bombardment (FOB), excluding the purification step. Ta- 
ble 1 shows the results of direct fluorination under dif- 
ferent reaction conditions. In each condition, the mono- 
fluorinated isomers were predominately produced. A 
smalt amount of di-fluorinated peptides were also ob- 
served and the proportion of di-fluorinated isomer tended 
to increase with increasing .AcOF. However, it should be 
noted that even in the case of ['^f JAcOF to cyclo(RGD- 
fMeV) ratio raised to 10. the substrate peptide remained 
in the reaction mixture. 
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3,2. Integrin-hinding assay 

In order to estimate the affinity and selectivity of the 
binding of the fluorinated cycHc peptides to the a^ fi^ recep- 
tor, an in vitro assay was performed using the immobilized 
a.^lii, or 0L\\^fii, receptors. The affinities were compared to 
that of the linear standard peptide, RGDS. All of the fluor- 
inated peptides showed almost the same affinity for the 
receptors as the non-fluorinated peptide, cyclo{RGDfMeV) 
as shown in Table 2. Furthermore, all of the peptides ex- 
amined showed more than 100-fold selectivity to the oLyfii, 
integrin. 

33. Biodistrihiition studies 

Tissue distributions of the labeled peptides, ['^F]2-F- 
cycloRGD (fraction 1) and ['^F]4/x-F-cycloRGD (fraction 
2, mixture of ['*^F]4-F-cycloRGD and slight amount of other 
peptides) are summarized in Table 3. The highest uptake 
was found in the liver, followed by the kidney. The accu- 
mulated radioactivity in these organs decreased with time, 
while it gradually increased in the intestme. Both of the 
investigated tracers were also accumulated to tumor. The 
accumulated activity in tumor was remained rather longer in 
['^F]4/x-F-cycloRGD companng to ['^F]2-F-cycloRGD. 
The smaller liver and kidney uptakes and faster clearance 
from the intestine of ['^F]4/x-F-cycloRGD were also ob- 
served. 

The resulted tumor to organ ratios arc shown in Table 4. 
The tumor to blood ratios were increased with time tor both 
[''F12-F-cycloRGD and [ "F]4, x-F-cycloRGD. and they 
reached higher values, 5.28 and 4.34 at 60 mtn postinjec- 
tions. respectively. High tumor to muscle ratios were also 
obser\'etl in both tracers and thev mcreased with time. In 



contrast, the tumor to bone ratios were low and remained 
constant, especially in ['^F]4/x-F-cycloRGD. 

By cyclo(RGDfMeV) co-treatment, 53% of the radioac- 
tivity accumulation to the tumor was significantly de- 
creased. In contrast, no reduction was observed in muscle 
(Table 5). Significant reductions of the uptake in spleen, 
pancreas, heart as well as lung were observed. 



4. Discussion 

The '^F-labeling of proteins or peptides are principally 
performed by treating the protein with activated '^F-labeled 
components [49], such as ['^F]fiuorobenzoate derivatives 
[32]. However, these large substituent groups may alter 
tertiary structure of peptides, which could influence their 
biochemical function. Recently, a nonradioactive direct 
electrophilic fluorination method for tyrosine-containing 
peptide using acetyl hypofluorite (AcOF) as an electrophile 
has been reported [31]. ['^F]Acetyl hypofluorite is often 
employed in the ^'^F-labeling of amino acids and amino acid 
derivatives that contain an aromatic ring [8,10]. Takmg 
these evidences in account, the aromatic ring of tyrosine or 
phenylalanine of peptides may be a target tor electrophilic 
radiofluorination. In the present study, by applymg this 
direct fluorination technique, we successfully introduced 
'^F into a peptide. Consequently, these fluorinated peptides 
showed high affinities and high selectivities to the (-\^f3^ 
integrin. Their binding profiles were similar to that of the 
non-fluorinated peptide, cyc!o( RCiDtAleV ). therefore, the 
introduction of F atom in this cyclic peptide seems to hardly 
affect its receptor binding. 

Accordingly, this labeling metliod was found effective as 
it causes less steric hindrance especially tor peptides whose 
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Fig, 3. IH-NMR spectra effraction 1 (A), fraction 2 (B), and authentic samples of 2-F-cycloRGD (C), 3-F-cycloRGD (D) and 4-F-cycloRGD (F) around 
6 ppm to 9 ppm, which are ascribed to aromatic proton. Spectra were obtained at 600 MHz in DMSO-t/^,. 



receptor recognition is strict for its structure. Moreover, this 
method is effective for the peptides whose yV-terminal struc- 
ture is important for the receptor recognition. However, 
since methionine, cysteine and tryptophan can be oxidized 
by AcOf [31], this procedure may not be applicable when 
the peptide contains these oxidation-sensitive ammo acids. 

We preliminary studied the effect of molecular ratio of 
the substrate peptide and fluorinating agent, ['^F]AcOF. 
In several labeling conditions using different cyclo(RGD- 
tMeV) to ['^F]AcOF ratios, peptides that were mono-fiuor- 
inated in their phenylalanine residue were primarily ob- 
tained, while di-fluorinated peptides were produced in small 
amounts. Previously, we reported that increasing the ratio of 
[ ' K]AcOF to the fluorination substrate leads to a higher 
yield of di-fluorinated isomer on the aromatic ring in pre- 
paring ['^Flfluoro-i -DOHA [17]. This was also t)bserved in 
the present study, in that when a smaller amount ot" the 
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Results of direct '"F-Fluorination with ['^FJAcOF 
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' Percentage based on ihc ttUal radK)activity reco\ercd as ['''FjAct)!- 
^Percentage of residual radioactnitv after the soKent c\aporaMoii 
against the trapped radioactnitv. 

* Molar ratio of cyclo(R(iDf]V1eV) to ["F]AcOF. 
N.D.: not determined. 
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Data are presented as K^(|[aJ3^] to [(^^[aju^jB^] ratio. 
' riie former \ alue of IC\,,[RCjDS] was employed for calculation. 

The latter value of 1C\,,[R(jDS] was employed tor calculation. 



substrate is used, more di-fiuorinated peptides are produced. 
However, in the case of ['^F]AcOF to cyclo(RGDt7v1eV) 
ratio was 10, the yield of di-fluorinated compounds was 
only 10.3%, while that of mono-fluorinated compounds was 
54.8%. Moreover, even with a smaller amount of cyclo 
(RGDfMeV), the substrate peptide remained in the reaction 
mixture. These results suggest that di-fluorination of the 
peptide with ['^F]AcOF is less likely to occur when com- 
pared to mono-fluorination. 

Coenen et al. [9] reported no formation of [ F]3-F- 
phenylalanine using the ['^F]F2 method. Similarly, the 
amount of ['^F]3-F substituent produced in our peptide 
labeling study was small. Previously, Murakami et al. [35] 
reported that ['^F]2-F-phenylalanine is more likely to be 



I able 4 

1 Liiiior lo orLian uplake ratios ot ^""l dabcled c\ clo( R( iOlMeX' ) in 
adenocaivinonia-bearint: nude niice 

Time after injection (nun) 

2T -cveloR(;n (traction 1) 4 x-F^ycloRCil) (frac'ion 2) 
^* 60^ 5* 60* 

Tumor to blood 0,7S ' O.OS 5.2S 0.37 0.S3 ± 0.12 4.34 * 0.35 
fumor to muscle 1.7S - 0 2S 3 ()6 - 1.16 2.92 t 0.52 4.05 ^ 1.35 
Tumor to bono l OS M).37 ] 59 t 0.44 1.31 ± 0.20 1.40 ^0.29 

R\ pressed as the mean S.I). 

* n - 3, 
' n - .r 

• n 4. 

produced than ['^F]3/4-F^-phenyla!anines in an electrophilic 
iluon nation reaction with [ ' F]AcOF, although these iso- 
mers were unidentified. However, in our study, the radio- 
chemical yields of ['^F]2-F and ['^F]4-F isomer were sim- 
ilar. The difference between these studies is in the reaction 
temperature. While Murakami et al. used a reaction temper- 
ature of 0°C, we performed our reactions at room temper- 
ature. This different isomeric preference may also be attrib- 
uted to either the reaction condition or the properties of 
substrates. 

The '^F-labeled peptides thus obtained were distributed 
to a certain extent into tumors in adenocarcinoma-bearing 
nude mice. This accumulation is comparable to that of 
['^F]FDG in adenocarcinoma-bearing mice [45], which is a 
common radiotracer to detect tumors using PET. The '**F- 
labeled peptides were highly accumulated in the liver, and 
the radioactivity decreased with time. This observation was 



Table 3 

Biodistribution of radioactivity after administration of '^F-labeled 
cyclo( RGDfMeV) in adenocarcinoma-bearing nude mice 



Organs Time after injection (min) 



2-F-cycloRGD (fraction 1) 4/x-F-cycloRGD (fraction 2) 





5* 






60^ 






5* 






60^' 






Blood 


2.05 


-+■ 


0,19 


0.17 


-+- 


0.02 


2.1 1 


4- 


0.26 


0,24 




0.04 


Intestine 


2.24 




0,84 


13,1 


■+- 


9.1 1 


2.36 


-t- 


0.14 


8.04 




6.38 


I iver 


46,4 




4.59 


14.5 


-+- 


2 2"^ 


39.7 


-+- 


3 IS 


1 1.8 




0.53 


Kidney 


15.1 




119 


3.57 


-+- 


0.97 


14,2 




0.56 


2 27 




0.37 


Stomach 


2,54 


+ 


0.34 


2.53 


-+- 


1.33 


2,14 


+- 


0.24 


1.51 


+ 


0.37 


Spleen 


1,78 


+ 


0.18 


1.18 


-+- 


0.36 


1,91 


-+ 


0.10 


1.11 


+ 


0.36 


Pancreas 


0,73 


+- 


0T8 


0.41 


-+- 


0.32 


0.74 


~lr 


0.08 


0,99 


+ 


0.55 


Lung 


2,73 


+ 


0.45 


0.49 


-+- 


O.lh 


2,81 


->r 


0.20 


0,98 


-*- 


0.76 


Heart 


0,99 




0,20 


0.21 




0.03 


1,00 




0.21 


0,58 


+■ 


0.40 


Muscle 


0,92 




0.23 


0.33 


■+■ 


0.15 


0,60 




0.09 


0.29 


+ 


0.13 


Hone 


1,54 


+ 


0.30 


0.59 


-+- 


0.18 


1,33 




0.13 


0.77 


+ 


0.20 


Brain 


0.12 


-+- 


0.002 


0.04 


-+- 


0.004 


0,13 




0.01 


0.06 




0,0! 


'Fumor 


1.61 




0.30 


0.88 




0.06 


1,73 




0.10 


1.03 


+ 


0.09 



Fxpressed as percent of injected dose per gram of organ as the mean " 
SI) 

* n - 3, 

' n - 5. 
; n -■ 4 



Table 5 

The effect of cyclo( RGDfMeV) co-treatment in the accumulation of 
[ '^F]2-F-cycloRGD in adenocarcinoma-bearing nude mice, 60 min after 
the radiotracer injection 



Organs 


'!'o of saline treatment 


Blood 


118 




50 


Intestine 


92.0 




9.1 


Liver 


87.1 




22.4 


Kidney 


120 




47 


Stomach 


118 




108 


Spleen 


27.8 




7.4* 


Pancreas 


22.5 




12.0^ 


Lung 


46.7 




15.9' 


Heart 


36.7 


+ 


14.0' 


Muscle 


83.3 




64.3 


Bone 


59.8 


-1- 


42.6 


Brain 


77.5 


-+- 


27.3 


Tumor 


53.1 


■+- 


8.7' 



Fxpressed as percent of saline treated study as the mean ± SD, based 
tHi percent of injected dose per gram of organ. 

n ■ 3 for cyclo( R( jr)f\le\' ) treatment and n - 4 for saline control study. 

Significant reduction from the control experiment was obser\ ed by / test 
with Welch's correction. 

' p '■ 0.05. 

• p - 0.01. 
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accoiiipanicd by a gradual increase iii radioactivity in the 
intestine. This result suggests that these peptides are metab- 
olized in the li\ er. followed b\ the biliary excretion of the 
radioactu e nietaboliles. 

The tunior to blood ratios of these Uibeled peptides in- 
creased with tunc, reaching 5.2S ( | '^F]2-F-cycloRGD) and 
4.34 (['*''F14 \-F-cycloR(il)) at 60 mm postinjection. These 
\ allies are comparable v\ith that observed for L-[iTiethyl- 
"C]methionine, 4.72 [26] and higher than that observed for 
[^'^GajGa citrate, 2.03 (the value of 24hr postinjection) [45], 
although they are lower than that observed for ['*^F]FDG 
[45]. ^ 

The co-mjection of cyclo(R(jl)tA1eV) significantly re- 
duced the tumor uptake in 53" o of non-treated group for 
['''^F]2-F-cycloRGD. Uptake of radioactivity in the spleen 
and lung, in which the expression oWx^li^ integrin has been 
reported [42.43]. were also significantly reduced by the 
cyclo(RGDt]VleV) treatment. Furthermore, the accumula- 
tion to the muscle, in which no a^liy integrin expression is 
observed, did not decline with the cyclo(RGDfMeV) treat- 
ment. These findings suggest that ['^F]2-F-cycloRGD binds 
to receptor in tumor following injection. 

The radioactivity was taken by the bone to some degree, 
but in contrast to the tumor to blood and tumor to muscle 
ratios, the tumor to bone ratio remained constant during the 
time examined. Since osteocrasts express d^fii, integrins 
[36] and the bone uptake of radioactivity ('^F ) resulting 
from the defluorination will not decline with time, this bone 
radioactivity mav not be due to defluorination and reflect 
a^.fiy specific binding. Actually, there is a tendency that the 
radioactivity in the bone decreased with cyclo(RGDfMeV) 
treatment. Furthermore, the radioactivity uptake in the pan- 
creas and heart was reduced by the cyclo(RGDfMeV) treat- 
ment. This finding may also reflect the binding of the ^**F^- 
labeled peptide to a;^,/^^ receptor in these organs, although 
further studies are required to determine the expression of 
(x^ fi^ integrin in these organs. 

Biodistribution studies of ['^F]2-F-cycloRGD also indi- 
cated that there are some problems to be overcome. First, 
since the synthesis of ['^F]AcOF is achieved with a carrier 
fluorine [29] and specific activity of the labeled peptide 
synthesized is low in this study, uptake of radioactivity in 
the tumor may be inhibited by the cold ligand if the F- 
labeled peptide binds to tx^^fi^^ receptor in tumor. Recently, 

I K 

the study to elevate the specific activity of the [ F]F2 has 
been reported [4]. The application of ['^F]AcOF with higher 
specific activity to the present peptide preparation may 
result in the improved tumor uptake. Second, the level of 
radioactivity in the liver, intestine and kidney was high and 
therefore, at the present status, these peptides may not be 
effective as a practical tumor detecting agent in the body 
structure near these organs. Recently, several analogues of 
RCiD-containmg peptides labeled with ^''"'^Tc, "'in, 
"'Re. '"'Y and ^'F were reported [5, 1 1 , 1 8 -2 1 ,27.33,35,44]. 
Of these labeled peptides, [''F]galacto-RGD [21] is a can- 
didate as a IM^T imaging agent. This glycosylated cyclo- 



peptidc IS labeled using 4-mtrophcn\ l-2-| '^F]fluoropropi- 
onate via [ ' 'F]fluoroacyhit!on. The tumor accumulation and 
tumor to blood ratio of both [ '^F12-l -cycloRCjD and ['^F]4/ 
\-F-cyclt>R(iD used m this study arc comparable to those of 
[''F]galacto-R(jl). [iowever. our peptides persisted for a 
longer period in the liver than did [ ' ^F]galacto-RGD. The 
effectiveness of the hydrophilic glycosyl group in reducing 
the radioactivity accumulation in the liver has already been 
confirmed by iodinated RCiD-containing cyclo peptides 
[19,20]. In a similar manner as these glycopeptides, the liver 
accumulations of [ '^F12-F-cycloRGD and ['^F]4/x-F-cyclo- 
RGD may be diminished by the introduction of a hydro- 
philic suhstituent. 

In this study, we successfully labeled phenylalanine con- 
taining peptide by a direct electrophilic fluorination method 
using [''F]AcOF. The resulting radiofiuorinated cc^^i, inte- 
grin hgands, ['^F]2-F-cycloRGD and ['^F]4/x-F-cyclo- 
RGD, had a similar affinity to the non-fluorinated peptide, 
cyclo{RGI)fVIeV). This fairly simple labeling method is 
useful for fluorinating the peptides. We could see the 0L^,li^ 
receptor specific accumulation in the tumor, however, the 
absolute accumulated amount was not efficient for tumor 
detection in the present status. The tumor radioactivity level 
is not efficiently high compared to other organs, like liver, 
intestine and kidney. Adequate drug design to diminish the 
non-specific accumulation and higher specific activity to 
increase the receptor specific fraction in the tumor are re- 
quired for this peptidic tracer. These [^^F]fluorinated cyclic 
peptides may become informative scaffolds of integrin 
positive tumor-imaging agent. By imaging a^lii^ receptor 
expression, we should obtain valuable information concern- 
ing tumor status, such as the metastatic ability of the tumor, 
which is not available through the commonly used tumor 
imaging agent, ['^F]FDG. 

Acknowledgments 

This work was supported in part by The Japan Health 
Sciences Foundation and Grant-in-Aid for Scientific Re- 
search from the Ministry of Education, Science, Sports and 
Culture of Japan. S.O. is grateful to Research Fellowship of 
the Japan Society for the Promotion of Science for Young 
Scientist. 

References 

[1] S.M, Albclda. Role of integrins and other cell adhesion molecuies in 
tunior prtigression and metastasis. Lab. hivest, 68 (1993) 4--17. 

[2] S.M. Albelda. S A Mettc. D.E. Flder. R. Stewart, L. Damjanovteh. 
M. HerKn, C A. liuck, Integrin distribution in malignant melanoma: 
asstK iation of the beta 3 subunit with tumor progression. Cancer Res. 
SO ( 1990) (i7S7 6764. 

[3] M AumaiHey. M (lurrath, G. Muller, J, C alvete. R Timpl, 11. 
Kessler. Are-( ilv- Asp constrained within cyclic pentapeptides. 
Strong and selectuc inhibitors of cell adhesion to Mtrt)nectin and 
laininm fr;ignicnt FM . FFHS Lett 291 (1991) 50 .^4. 



s 



W. Oi^dW ii cf ill \ti( U'(jr Medicine ami B!<>!<><^\ M) (jOii^) I 



[4] .1. licrgnian, () Soiin. Muonnc- 1 S-labclod tUnintK Lia> for svnthosis 

of tracer nn^loculcs, Nucl McJ. liiol 24 ( ]')')^) (^'^^ hS.V 
[5] M Bock. [■ Mruc hcriNCifcr. R Ihiiibnor, K. Soiicknu iisch-Schnii Jikc, 

H. Kcsslcr. M Sctnvaigcr, [| .1 Wester, """'Te, "'Re and '"'^'-labctcJ 

a J:J ;-antayotiists prcniisinu tracer lor tumor inclueetl aiigiogcnesis, 

J. Nucl, MeJ 41 (2000) 41 P 
[6] P.C, firudks. R.A flark. [) A. C heresh, Requirement of \ascular 

integrin t^Ji, for angiogcnesis. Science 264 (l'->^'4) 5fi*-> .^71. 
[7] P C. Brooks. AM Montgomerv. M, Rosentcld. R.A. Reisfcld. T. flu, 

(1. Klier. I) .A. C licresh, Integnn aj?, antagonists promote tumor 

regression bv induetng apopiosis t)t angiogenic blood vessels. Cell 79 

(1 W) !!57 1 164. 
[S] R. Chirackal, (i Firiuiu. J. (.ouse, R,S. Garnett. Radiofluorination 

with '^'F- labeled acetyl hypotluontc: [ "FjL-b-tluoroDOPA, Int. 

.). App], Radiat. Isoi. 35 (P>S4) 651 653. 
[9] II.H. Cocnen, \V [iodeon, K Fakahashi. A. Hos.^mann. (i. Stocklin, 

Synthesis and animal studies of P-/)-['^F]nuor(tphenyla]anine as 

probe for in \ ]\o cerebral protein synthesis, J. NlkI. Med. 26 ( 19S5) 

126. 

[10] H.H. Cocnen, K Franken, S Metwally. G, Stockhn, Electrophilic 
radiofluonnalion of aromatic compounds with ['"^FjpT and 
['^FjCHiCO.F and regioselective preparation of L'/^-f'^Fjnuorophe- 
ny I alanine, J. Labelled Conipds. Radiopharni. 23 ( 1 986) 1 179-1181. 

[11] M. De Jong, P.M. \'anHagen. W.A. Breeman, IFF F^ernard, M. 
Schaar. .A \'an Gameren, .A Srini\asam. M, Schmidt, J.F.. Bugaj. 
F'.P Krenning, F\aluation of a radiolabeled cyclu DTPA-RGD an- 
alog for tumor imaging and radionuclide therapy. ,1. Nut). Med. 41 
(2000) 23 2P. 

[12] .M A. Dechantsroiicr, F, IManker, B. Matha. E. Lohof, (j. Holzemann. 

A. Jonc/yk, S L. (Joodman. IF Kcsslcr. N-Mcthylatcd cyclic RGD 
peptides as highly actue and selectne (1^/3^ integrin antagonists, 
J, Med. Chem, 42 (1999) 30:i3-3040. 

[13] J B. Downer, F..I. McCarthy W.B. ltdwards, C.J. Anderson. M.i. 
Welch. Reactnity of />-[' ''F]Puorophenacyl bromide for radiolabeling 
of proteins and peptides. Appl. Radiat. Isot. 48 (1997t 907-916. 

[14] B.A. Dressman. L A, Spangle. S.W. Kaldor. Solid phase synthesis of 
hvdantoins using a carbamate linker and a novel cyclizati<ia cleavage 
step. Tetrahedron, Lett. 37 (1996) 937-940. 

[15] B. Felding-liaberniann. B.M. Mueller, C.A. Ronierdahl, D A. 
Cheresh. InvoUement of integnn gene expression in human mel- 
anoma lumorigenicity. J. Clin Invest. 89 (1992) 2018-2022. 

[16] L. Gouilleux. .I.A, Fchrcntz, F. Wintemitz, J. Martinez, Solid phase 
synthesis of chira! 3-substitutcd qu]nazoline-2.4-diones. Tetrahedron. 
L.ett. 37 (1996) 7031 -70. >4. 

[17] K. Hatano. K. ishivvata.T. Yanagisawa, Co-production of 2, 6-["^F]di- 
fluoroDOPA during electrophilic synthesis of 6-[ '*^F]fluoro-L-DOPA, 
Nucl. Med. Biol. 23 I 19%) 101-103. 

[IK] R. Haubner, I L.I Wester. M. Bock, R. Senekowit.sch-Schmidtke, M. 
lierz. U. Reuning, B. Diefenbach. G. Stocklin, H Kessler, M. 
Schwaiger, Comparison of tumor uptake and biokinctics of '''1- and 
'""F- labeled R( il)-peptides, I. Labelled Compds Radiopharm. 42 
il^m) S36 -S38, 

[19] R. Haubner. !U Wester. F. (Uirkhart, R. Scnekowitsch-Schmidtkc. 
W , Weber, S I tuH)dman, 11 Kcsslcr, NL Schwaiger Glycosylated 
RGD-containing peptides: tracer for tumor targeting and angiogcnesis 
imaging with improxed btokmetics, J. Nucl. Med. 42 (2001) 326- 
336. 

[20] R. Haubner, IL.I, Wester, U. Reuning, R. Senckow itsch-Schmidtkc, 

B. Diefenbach, II Kessler, (i Stocklin, M. Schwaiger, Radiolabeled 
o^/J^ integnn antagonists: a neu class of tracers for tumor targeting, 
J Nucl. Med. 40 ( 1999) 1061-1071. 

[21] R Haubner. II.L Wester. W.A. Weber, C. Mang, S.l. Ziegler. S.L. 
Goodman. R Scnekowitsch-Schmidtke, IL Kessler, M. Schwaiger, 
Nonin\asi\e imaging of o\/L integnn expression using '^F-Iahcled 
P( iD-contaimng glyctipeptide and positron emission tomography. 
Cancer Rc.s M COO!) 1 7S1 PS5 



[22] .1. llon/1, ,L Rudniger. Ammo acids and pcpiides XXXIIl Nilro^vl 
chloride and buivl nitrite as reagents in pepiulc s\nihesis h\ ihc a/ide 
method. Collect C/ccli ( hcni. CtMiinuin 2o ( h>ol ) 2.vvi 2.W4 

[23] M.,I. Humphries, Integrin sintcturc, I^iochein Soc Trans. 28 (2(i()()) 
3 1 1-339, 

[24] R.O. llynes. Integrins: a famiU of cell surface recepturs. Cell 4S 
(1987) 549-5 s4. 

[25] R.O. Ilvnes. Integrins: \ersatilil\. modulaiion, and signaling in cell 
adhesion. Cell 69 (1992) 1 1 - 25, 

[26] K. Ishiwata, T. Takahashi. R. iwata, M. Tonuira. M, Tada. J. Itoh. M. 
Kamevama, T. Ido, Tumor diagnosis bv PF.T: potential of seven 
tracers examined m Fue experimental tumors including an artificial 
metastasis model. Int. .1. Rad, Appl. Instrum B 19 (1992) 61 L-618. 

[27] M.L.H. .lanssen, O.C, Boerman, OS. Fdwards, .LA. Barnett, M. 
Rajopadhye, W.J.G. Oyen, F ILM, Corstcns, '"in and ^"""Tc labeled 
peptides against the (t^li^^ integnn: a new target for radionuclide 
peptide targeting of tumors, .1. Nucl. Med, 41 (2000) 33P. 

[28] F,, Kawahara, A. Ooi. I Nakamshi. Integnn distribution in gastric 
carcinoma; association of beta 3 and beta 5 integrins with tumor 
invasiveness, Pathol. Int. 45 (1995) 493- 500, 

[29] M.R. Kilbourn, Fluorine- 18 labeling of radiophamiaceutitals (1990) 
National Academy Press: Washington. DC 

[30] W.C. Kouns, D. Kirchhofcr, P. Hadvarv', A Fdenhofer, T. Weller. G. 
IMenninger. 11 R. Baumgartner. L.K. Jennings, B Steiner, Reversible 
Lonforniational changes induced in glycopn>tein Ilb-IIla by a potent 
and selective pcptidomimelic inhibitor. Blood 80 ( 1992) 2539- 2547. 

[31] V.M. Labroo, D. Hebel, K.L Kirk, L A C ohen, C. Lemicux. P W\ 
Schiller. Direct electrophilic tluorination of tyrosine in dcrmorphin 
analogues and its effect on biological activity, receptor affinity and 
selectivity. Int. J. Pept Pr..>tein Res. 37 ( 1991) 430-439, 

[32] L. Lang, W.C, Eckelman, L-abeling proteins at high specific activity 
using A'-succinimidyl 4-['^F](tluoromcthyI) benzoate, Appl. Radiat. 
Isot. 48 (1997) 169-173 

[33] B R. Line, J. A. Bennett. T T Andersen. A. Wurthmann, NL Saigam, 
D.J, Hnatowich, E\ aluation of '*'*"'Tc radiolabeled angiogencsis tar- 
geting peptides and dextran-peptide conjugates in xenograft models 
of human breast and prostate cancer, J. Nucl. Med. 41 (2000) 33P. 

[34] B R. Line, A. Wurthmann. F T. Andersen. M. Saigam, K. Pumiglia, 
Preparation of '^'^"'Tc radiolabeled dextran-peptide conjugates target- 
ing multiple tumor angiogencsis related ligands, J. Nucl. Med. 41 
(2000) 232P. 

[35] NL Murakami, K. Takahasi, Y. Kondo. S. Mizusawa. U. Nakaniichi. 
H. Sasaki, R. Hagami, H. lida, 1. Kanno, S. Miura, K. Uemura. The 
comparalivc synthesis of '^F-Fluorophenylalanines by electrophilic 
substitution with '^F-F^ and '^F-AcOF, J. Labelled Compds. Radio- 
pharm. 25 (1987) 573 -578. 

[36] S. Nesbitt, A. Nesbtt. M. Helfrich, M. liorton. Biochemical charac- 
terization of human osteoclast integrins. Osteoclasts express a, /^i, 
a-,j3,. and o j!, integrins. J Biol. Cheni. 268 (1993) 16737-16745. 

[37] S. Oishi, T. Kaniano. A. Niida, M. Kawaguchi, R. Hosotani, M, 
Imamura. N. Yawata, K. Ajito, H. Taniamura. A. Otaka. N. Fujii. 
ITTicient svnthesis t)f cvciic RGD pseudopeptide with (/'7)'alkene 
dipoptide isostcre and its biological actnity. In: T. Shioin (Fd ), 
Peptide science 2000 (200!) pp. 249 250 The Japanese Peptide 
Society: Osaka. 

[38] R. Pytela, M.D. Pierschbacher. S. Argravcs, S. Suzuki, E. Ruoslahti. 

Arginine-glycine-asparttc acid adhesion receptors. Methods Enzymol 

144 (1987) 475-489. 
[39] F. Ruoslahti. The Walter Herbert Lecture, C\)ntrol of cell motility and 

tumour iinasion b> extracellular matrix interactions, Br, J. Cancer 66 

(1992) 239 242 

[40] I'. Rut>slahii, F.(L (iiancotii, Integrins and tumor coll dissemination, 

( ancer Cells 1 (1989) 1 |0 126, 
[41 ] 1:, Ruoslahti. \LD Pierschbacher, New perspectives in coll adhesion: 

R(iD and integrins. Science 2 3S (1987) 491 497. 



[42] IV Singh. (." Fu. J Rliattaclun y.i, \ asciikir expression iif ihc n /v- 
integrin in lunu and other organs, Xni J. Plusiol I une C ell Mol 

Physiol. 27S (Zooit) I :r 

[43] B. Singh, N. Kawlmgs. A Kaiii, [■\pression tif inlegrin (xj^, in pit:, 
dog and eattic, Histol. ihslopaihol l^COOD 1037 1046 

[44] (i.B. Si\oIapcnko, [) Skarlos. 1) PeetasiJes, H Siatliopoulou, A 
Milonakis. (1. Sirnialis, A Suittle. \ S ( \iurtenav-Luek. K Kon>iaii- 
tinidcs. A. A. H.penettis, Imaging o\' inctaslatie niekinonia utilising a 
technetium-99m kibcllcd R( rI)-eontaining syntheite peptide, l-.ur. 
J. Nucl. Med. 25 (1998) l.iS3 l,iS9. 

[45] P. Som, H.L. Atkins, D. Bandoypadhyay. J.S. Fowler, R.R. MaeCire- 
gor. K. MatsLii, Z.IF Ostcr, D.V. Saeker. C.V, Shiue. ti. Turner, (\N 
Wan. A.P, Wolf. S A'. Zabinski, A tUiortnated glucose analog. 



2-nuoro-2-deo\\ -[)-glucose ll -lSi nonioxie tracer for rapid tumor 

detection. J. Nucl. Med 21 ( M^SO) (ri) (r> 
[4h] S. Stroinbhid. D.A. C'lieresh, Integrin.s, angiogencMS and \ascular cell 

survival, C^icni. Biol. 3 { 199fi) SSI SN5 
[47] J.L. Sutcliffe-Goulden. NF.F O'Doherlv, S S. Bansal. Scdid phase 

synthesis of [ '^Fjlabelled peptides lor po^ltron emission tomography, 

Bioorg. Med. Chem. Fett I()(2(M)()) 1.^1)1 1^03 
[48] .FIF Uhm. C.L. (iladson. .IS Rao. Fhe role o( mtegnns in the 

malignant phcnotype of gliomas, Frt>nt Biosct. 4 (1999) DISS 

1 99. 

[49] D.S. Wilbur, Radiohalogcnation of protein>: an o\er\ ie\\ of radionu- 
clides, labeling methods, and reagents tt>r ct>n)ugaie labehng, Bio- 
conjug. Chem. 3 (1992) 433 -47{). 



